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Abstract of JP 2002311467 (A) 
PROBLEM TO BE SOLVED: To realize stable locking 
and to evade accompaniment of rise of cost and 
increase of power consumption for the purpose in a 
laser light generator having a plurality of resonators. 
SOLUTION: In the laser light generator 1 , 
source 2, a phase modulator 3 and a signal generator 
7 to impress a modulation signal on it and the 



5-X(X=1 
ar optical elei 



to.), a 



lents 8 are provided in a 
i optical path length varying 
means 9 to vary length of optical paths of the 
respective resonators is provided.; A control circuit 11 
of negative feedback structure regarding control of 
length of the resonators is formed by obtaining error 
signals by using detection signals of photodetectors 
6- X (X=1, 2, etc.), to receive light from the respective 
resonators and controlling the optical path length 
varying means 9 according to an FM side band 
method. The laser light generator is constituted so 
that laser light is made incident on the resonator 5- 1 
after phase modulation is given to it, light to be 
generated by the nonlinear optical element 8 is 
incident on a resonator 5- 2 and the plurality of 
rs are simultaneously held 
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JP 2002*311467 (A) [Machine translation from JPDL] 
TECHNICAL FIELD 



[Field of the Invention] In the laser beam generator using a laser light source and two or more 
resonators, this invention relates to the art for realizing stable locking using a cross modulation 
career. 

PRIOR ART 



[Description of the Prior Art] As a stable resonator locking method in a laser beam generator, the 
FM side band method ("Pound-Drever-Hall Locking" law) is known, and it is widely used for 
locking of the external resonator ranging from the near infrared to a light region. 

EFFECT OF THE INVENTION 



[Effect of the Invention] According to the invention concerning claim 1 or claim 16, so that 
clearly from the place indicated above. Of course, since it is not necessary to form a phase 
modulator in each preceding paragraph to each resonator, it can lock two or more resonators 
simultaneously using a small number of phase modulators that stable locking of a resonator 
becomes possible by using the FM side band method rather than before. In the application to 
ultraviolet rays etc., it is not necessary to use a special phase modulation. 
[01 09] According to the invention concerning claim 2 or claim 17, each resonator can be locked 
more in stability by using the modulating signal of different frequency. 

[01 10] Since it is hard to receive the influence by the temperature change of a nonlinear optical 
element, etc. according to the invention concerning claims 3 thru/or 6 and claims 18 and 19, it is 
stabilized more and wavelength changing using the element concerned can be performed 
efficiently. 

[01 1 1] According to the invention concerning claim 7 or claims 20 and 21, each resonator can be 
simultaneously locked using a signal with the frequency component corresponding to each 
resonator. 

[01 12] According to the invention concerning claim 8 or claim 22, a signal -noise ratio is high and 
locking stable to disturbance becomes possible. 

[01 13] According to the invention concerning claim 9, a desired output can be obtained by 
amplification of a laser beam. 

[01 14] According to the invention concerning claim 10, the outputted ray of short wavelength can 
be obtained by a harmonic generation. 

[01 15] According to the invention concerning claim 1 1, the outputted ray of various wavelength 
can be obtained by generating of a sum frequency or a difference cycle. 

[01 16] A laser beam can be entered one by one to the resonator arranged without passing through 
a phase modulator, and each resonator can be locked simultaneously, and according to the 
invention concerning claim 12 or claim 23, there are few losses of light volume and it is 
efficient. 

[01 17] Since according to claims 13 thru/or 15 and claims 24 thru/or 26 an error signal can be 
acquired using the detecting signal of catoptric light while being able to distinguish and use each 



modulation frequency about the first resonator and second resonator, it is advantageous to 
locking of a resonator. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, if it is in the conventional device, there is a 
problem as shown below. 

[0005]- In the case where change arises in the incident light quantity to a resonator, etc. in an 
ellipsometric method etc., the case where it has an optical element (element with the optical 
absorption especially in an ultraviolet region) with absorption in a resonator, etc., The 
characteristic of the optical element concerned changes in connection with the temperature 
change by generation of heat, it is easy to generate offset of wavelength for the reason phase 
delay quantity will change, and there is a problem in stability. 

[0006]- The FM side band method or "Pound-Drever-Hall Locking" In order to generate an error 
signal, it is necessary to use a phase modulator and to stand a side wave (sideband wave) in the 
method of calling law, and. When modulating especially ultraviolet radiation and standing a side 
wave, the highly efficient phase modulator with low operating voltage whose transmissivity is 
high is needed. However, since acquisition of such a modulator is difficult, in using an available 
phase modulator, the circuit etc. which drive the high frequency of high tension are needed, and 
there is a problem in respect of the fault of causing a cost rise and increase of power 
consumption, and practicality. 

[0007]- Since the number of the phase modulators arranged at each stage will also increase if the 
number of resonators increases when carrying out locking of each resonator simultaneously in 
the composition using two or more resonators, it becomes a cause which causes enlargement and 
a cost rise of a device. With the conventional composition, it is because a phase modulator is 
arranged at the preceding paragraph of each resonator, respectively, and, as for this, the 
disposition space of the part will become large. 

[0008]Then, in the laser beam generator provided with two or more resonators, this invention 
makes it SUBJECT to make it accompanied by neither a cost rise nor increase of power 
consumption while realizing stable locking therefore. 

MEANS 



[Means for Solving the Problem] A laser beam generator concerning this invention is provided 
with a component shown below in order to solve above-mentioned SUBJECT. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is an explanatory view showing the example of basic constitution concerning this 
invention. 

[Drawing 2] It is a figure showing the example of composition of this invention with drawing 3 , 
and this figure shows the important section about an entire configuration. 
[Drawing 3] It is a figure showing the example of composition of the control system containing a 
phase modulator and a photodetector. 

[Drawing 4] They are graph charts showing the delta dependency of relative reflectance. 



[Drawing 5] They are graph charts showing the delta dependency of relative transmittance. 
[Drawing 6] It is a figure expanding and showing an important section about the delta 
dependency of relative reflectance. 

[Drawing 7] It is a figure showing the delta dependency of an error signal. 

[Drawing 8~| It is a figure for explaining the relation between the frequency dependence of 

reflectance, and modulation frequency. 

[Drawing 9] It is a figure showing another example of composition concerning this invention. 
[Description of Notations] 

1, 12, 19 - A laser beam generator, 2 and 2A, 2B, 2C ~ Laser light source, 3, 25 [ - The second 
resonator, 6_X (X= 1, 2, --) / - A photodetector, 7 / -- A signal generator, 8, 20 / - A nonlinear 
optical element, 9 / - A light-path-length variable means, 11/-- Control circuit ] - A phase 
modulator, 4, 15, 23, 26 - An optical system, 51 - The first resonator, 5_2 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]In the laser beam generator using a laser light source and two or more 
resonators, this invention relates to the art for realizing stable locking using a cross modulation 
career. 
[0002] 

[Description of the Prior Art] As a stable resonator locking method in a laser beam generator, the 

FM side band method ("Pound-Drever-Hall Locking" law) is known, and it is widely used for 

locking of the external resonator ranging from the near infrared to a light region. 

[0003]The method (please refer to the literature of Hansch, Couillaud, Optics Communications, 

and 1980 grades.) of using polarization besides this method is mentioned. For example, while 

entering in a resonator the laser beam which penetrated the wavelength plate, an error signal is 

acquired based on the detecting signal of two beams with which the polarization conditions from 

a resonator differ, and the locking method of holding the resonance state of a resonator is 

proposed. 

[0004] 

[Problem(s) to be Solved by the Invention] However, if it is in the conventional device, there is a 
problem as shown below. 

[0005]- In the case where change arises in the incident light quantity to a resonator, etc. in an 
ellipsometric method etc., the case where it has an optical element (element with the optical 
absorption especially in an ultraviolet region) with absorption in a resonator, etc., The 
characteristic of the optical element concerned changes in connection with the temperature 
change by generation of heat, it is easy to generate offset of wavelength for the reason phase 
delay quantity will change, and there is a problem in stability. 

[0006]- The FM side band method or "Pound-Drever-Hall Locking" In order to generate an error 
signal, it is necessary to use a phase modulator and to stand a side wave (sideband wave) in the 
method of calling law, and. When modulating especially ultraviolet radiation and standing a side 
wave, the highly efficient phase modulator with low operating voltage whose transmissivity is 
high is needed. However, since acquisition of such a modulator is difficult, in using an available 
phase modulator, the circuit etc. which drive the high frequency of high tension are needed, and 



there is a problem in respect of the fault of causing a cost rise and increase of power 
consumption, and practicality. 

[0007]- Since the number of the phase modulators arranged at each stage will also increase if the 
number of resonators increases when carrying out locking of each resonator simultaneously in 
the composition using two or more resonators, it becomes a cause which causes enlargement and 
a cost rise of a device. With the conventional composition, it is because a phase modulator is 
arranged at the preceding paragraph of each resonator, respectively, and, as for this, the 
disposition space of the part will become large. 

[0008]Then, in the laser beam generator provided with two or more resonators, this invention 
makes it SUBJECT to make it accompanied by neither a cost rise nor increase of power 
consumption while realizing stable locking therefore. 
[0009] 

[Means for Solving the Problem]A laser beam generator concerning this invention is provided 
with a component shown below in order to solve above-mentioned SUBJECT. 
[0010]- A laser beam. Light path length of a nonlinear optical element and each resonator 
stationed in a resonator of two or more resonator and firsts containing the second resonator 
arranged in the latter part rather than a signal generator which generates a modulating signal 
impressed to a laser light source and a phase modulator to output, and the phase modulator 
concerned, the first resonator, and the resonator concerned. An error signal is acquired from a 
detecting signal and a modulating signal which are acquired by a photodetector and each 
photodetector which receives light from an optical system and each resonator for being arranged 
between a light-path-length variable means and a laser light source for making it change, 
respectively, and a resonator, and between two resonators, and combining both, respectively, A 
control circuit which has the composition of negative feedback in order to control a light-path- 
length variable means in accordance with the FM (frequency modulation) side band method 
("Pound-Drever-HallLocking" law) using the error signal concerned. 

[001 1] And after a laser beam enters into a phase modulator and can give a phase modulation, 
while entering into the first resonator, While it constitutes so that light generated by a nonlinear 
optical element may enter into the second resonator, and light from the first and the second 
resonator is detected by a photodetector, respectively, By light path length being controlled for 
every resonator based on an error signal, two or more resonators are kept simultaneous to the 
resonance state. 

[00 12] After a laser beam generation method concerning this invention entered in the first 
resonator a laser beam by which the phase modulation was carried out, While entering in the 
second resonator light generated by a nonlinear optical element arranged in the resonator 
concerned and detecting light from the first and the second resonator, respectively, It holds to the 
resonance state simultaneously about two or more resonators by generating an error signal from 
each detecting signal and a modulating signal, and controlling each light path length for every 
resonator. 

[0013]Therefore, of course, since it is not necessary to form a phase modulator in each preceding 
paragraph to each resonator, that stable locking of a resonator becomes possible by using the FM 
side band method according to this invention, Two or more resonators can be simultaneously 
locked using a small number of phase modulators rather than the conventional composition. 
[0014] 

[Embodiment of the Invention]this invention ~ continuous oscillation (CW) - it is related with a 
possible laser light source and the laser beam generator using two or more resonators, and is 



suitable for the application to the wavelength changing covering two or more steps, etc. 
r0015] Drawing 1 is a figure for explaining the example of basic constitution of this invention 
notionally. 

[0016]The laser beam generator 1 is provided with the laser light source 2 which outputs the 
laser beam of single frequency mostly. 

[00 17] A laser beam is sent to two or more resonators 5_X (X= 1, 2, --, N) through the phase 
modulator 3 and the optical system 4. The optical system 4 may be made to sort out and 
penetrate the light which enters into the resonator of the next step [ the others and if needed ] 
which are a lens for mode matching, prism, a mirror, etc., and a dichroic mirror, an absorption 
filter, etc. for not letting an unnecessary light pass may be included in it. The signal generator 7 
(it has a local oscillator for generating an oscillation signal.) for generating the modulating signal 
impressed to this is formed in the phase modulator 3. 

[0018]Two or more resonators 5_X (X= 1, 2, -, N) are considered as column arrangement, and 
have the second resonator (for example, this is set to "5_2".) arranged in the latter part rather 
than the first resonator (for example, this is set to "5_T.) and resonator concerned. It is not 
necessary to necessarily use the first resonator as the resonator of the first rank, and which 
resonator may be used, and which resonator may be used as long as it is located in the latter part 
rather than the first resonator also about the second resonator. However, in the first resonator, the 
nonlinear optical element (or nonlinear optical crystal) 8 is arranged. For example, although the 
element for wavelength changing concerning a second harmonic generation, a sum frequency 
generation, etc. is mentioned, the other elements (element for record, etc.) can also be used. 
[001 9] Among each resonator, at least about the first and the second resonator. The light-path- 
length variable means 9 for changing light path length, respectively is established, For example, 
a resonator's position and posture of a constituent child (a mirror and an optical element) are 
controlled using actuators, such as VCM (voice coil motor), a piezoelectric element, etc., or 
voltage etc. are impressed to a crystal and the optical characteristics (refractive index etc.) are 
controlled. 

[0020]Although the optical systems 4 and 4 for mode matching and - are arranged between the 
laser light source 2 and a resonator and between two resonators, these combine a required light 
efficiently among both. 

[0021 ]The photodetector 6_X (X= 1, 2, -, N) is formed in order to receive the light from each 
resonator, respectively. Although the gestalt which detects the catoptric light from a resonator, 
and the gestalt which detects the transmitted light of a resonator are mentioned, from a viewpoint 
of the size of a detecting signal, the former gestalt is preferred. 
[0022]In response to the detecting signal acquired by each photodetector 6_X and the 
modulating signal (oscillation signal of predetermined frequency) by the signal generator 7, the 
digital disposal circuit 10 is a circuit for acquiring an error signal, after performing synchronous 
detection, and it sends out the control signal to the light-path-length variable means 9. That is, in 
order to control the light-path-length variable means 9 in accordance with the FM side band 
method using an error signal, the control circuit 1 1 which has the composition of negative 
feedback is formed. 

[0023] In this composition, the laser beam emitted from the laser light source 2 enters into the 
phase modulator 3 with which the modulating signal by the signal generator 7 is impressed, and 
after it can give a phase modulation and it passes through the optical system 4, it enters into the 
first resonator (for example, 5_1). And the light generated by the nonlinear optical element 8 in 
the resonator concerned enters into the second resonator (for example, 5_2). 



[0024]The light (catoptric light or transmitted light) from the first resonator and second 
resonator, It is detected by the photodetector 61 and 6_2, respectively, and light path length is 
controlled by the light-path-length variable means 9 for every resonator based on each error 
signal acquired by detection in the digital disposal circuit 10 (). [ get blocked and ] Variable 
control of the light path length of each resonator is carried out so that an error signal may serve 
as zero. By things, the resonator of these plurality is kept simultaneous to the resonance state 
(what is called a locking condition). 

[0025]It may be a modulating signal of frequency which is different about the modulating signal 
impressed to the phase modulator 3, and the modulating signal of single frequency may be used. 
In drawing 1 , although the modulating signal from the signal generator 7 is supplied to the one 
phase modulator 3, two or more phase modulators with which not only this but a modulating 
signal is impressed may be used. However, one or more phase modulators' being arranged on the 
optical path between a laser light source and the first resonator and the light outputted from the 
first resonator require entering into the second resonator via the phase modulation by a phase 
modulator. 

|"00261 Drawing 2 shows Example 12 constituted so that two steps of resonators for wavelength 
changing could be simultaneously locked by the FM side band method using one phase 
modulator. 

[0027] In this example, the laser light source 2 A which outputs the infrared light (for example, 
wavelength of lambda= 1064 nm) of a vertical single mode is used, and the outputted ray LT2 
penetrates the phase modulators 3 (for example, KTP etc.). The modulating signal which had 
different frequency (these are described as "fl " and "f2", respectively.), for example is impressed 
to the phase modulator 3. 

[0028]The light which penetrated the phase modulator 3 enters into the first resonator 5_1 
through the optical system 4 containing a lens etc. At this time, the characteristic mode assumed 
by incident light and the resonator 5_1 assumes that it has lapped good (what is called a mode 
match). 

[0029]It is constituted from the incidence mirror Ml, two or more mirrors M2 used if needed, 
M3, M4, and the nonlinear optical element 8 by the resonator 5_1. That is, like a graphic display, 
the incidence mirror Ml and the outgoing radiation mirror M2 are arranged on a main optical 
path, and the nonlinear optical element 8 is arranged among both. And after the laser beam which 
the mirror M3 is located in Ml side, and the mirror M4 is arranged at M2 side, and entered into 
Ml passes through the nonlinear optical element 8 and it is reflected in order of M2, M3, and 
M4, respectively, the resonator is formed by returning to Ml . It has composition in which the 
variable control is possible about the circumference light path length of the resonator 51, At 
least one position (for example, M3) in the mirror which constitutes a resonator, and posture can 
be changed by transportation devices, such as VCM (voice coil motor), and the driving means 
using piezoelectric phenomena, such as PZT. Prism, a grating, etc. may be moved as optical 
elements other than the mirror which constitutes a resonator. In addition, there is also a method 
of impressing voltage to a nonlinear optical element or an electrooptics crystal, and changing 
light path length to them. 

[0030]After a part of catoptric light by the mirror M4 penetrates Ml , light is received by the 
photodetector 61, and signal detection is performed. 

[003 1] Outputted ray LT6 of the resonator 51 enters into the second resonator 5_2 through the 

optical system 15 for mode matching, after being reflected by the mirrors 13 and 14. 

[0032]It is constituted, for example like the above-mentioned resonator 51 by the resonator 5 2 



using the incidence mirror ml, two or more mirrors m2, m3, m4, and the nonlinear optical 
element 16. That is, like a graphic display, the incidence mirror ml and the outgoing radiation 
mirror m2 are arranged on a main optical path, and the nonlinear optical element 1 6 is arranged 
among both. And after the laser beam which the mirror m3 is located in ml side, and the mirror 
m4 is arranged at m2 side, and entered into ml from the optical system 1 5 passes through the 
nonlinear optical element 16 and it is reflected in order of m2, m3, and m4, respectively, the 
resonator is formed by returning to ml . About the circumference light path length of the 
resonator 5 2, it has composition in which the variable control is possible, and at least one 
position (for example, m3) in the mirror which constitutes a resonator, and posture can be 
changed by driving means by VCM etc., such as a transportation device and PZT. 
[0033] After a part of catoptric light by the mirror m4 penetrates ml, light is received by the 
photodetector 6_2, and signal detection is performed. 

[0034]Optical LT7 emitted from the mirror m2 becomes an outputted ray of the resonator 5 2, 
and it is irradiated outside. 

[0035] Drawing 3 shows the example of basic constitution of the control system containing a 
phase modulator and a photodetector. Since it is considered as the circuitry same about the first 
and the second resonator, the portion common to both circuits is collectively shown in the figure. 
[003 6] As the above-mentioned frequency fl and the modulating signal of f2 were generated, and 
the signal concerned was impressed to the phase modulator 3 ("EOM" shown in a figure) and 
being described above by the signal generator 7 shown with the sign of a signal source, a phase 
modulation is applied to a laser beam. 

[0037]The detecting signal by a photodetector (in the example of a graphic display, it is the 
photodetector 61 about the first resonator, and is the photodetector 6_2 about the second 
resonator.), A modulating signal (about the signal of the frequency fl and the second resonator, it 
is [ resonator / first ] a signal of the frequency f2) is the detection section 1 7 (in a figure.). A 
multiplier shows as a multiplier. It is sent, and synchronous detection is performed and the error 
signal (this is described as "Err".) acquired by this is sent to the servo control section 18. In 
addition, although a graphic display is omitted, the what is called "Pull-in" circuit which judges 
whether locking is performed based on the signal from all the light volume monitors may attach. 
[0038]The servo control section 18 generates a control signal so that the level of the error signal 
Err may serve as zero, and it controls the light path length of a resonator by the signal concerned. 
That is, in the example of drawing 2 , the position and posture of the mirror M3 are controlled by 
the first resonator 51, and the position and posture of the mirror m3 are controlled by the second 
resonator 5_2. Since what is necessary is just to use a well-known mechanism about the moving 
mechanism of a mirror, and a drive control circuit, the explanation beyond it is omitted. The 
graphic display about a filter required to take out a high frequency signal from a circuit required 
for signal processing, for example, the detecting signal after light-receiving, etc. is omitted (or 
what is necessary is just to think that it is contained in a photodetector etc.), and only the element 
which is to the foundations of processing is shown. 

[0039]By the way, reflectance of the mirror Ml is made into "Ri" in the first above-mentioned 
resonator 5_1 (refer to drawing 2 ), When describing synthetic reflectance until just before 
returning to the mirror Ml again after the circumference which passed through other mirrors (M2 
thru/or M4) and the elements 8 as "R m ", When the optical path of the resonator is in the state 
where it was adjusted good, the catoptric light of the whole resonator at the time of entering light 
is detected from the mirror Ml by the photodetector 61 , and the reflectance (this is described as 
"R (delta)".) is given by a lower formula. 



[0040] 
[Equation 1] 



R U) = 




[0041] About "delta" in an upper type, it is "delta=2pi-Li/lambda." Here, as for "lambda", the 
wavelength of a light source and "Li" show the circumference light path length of the resonator, 
respectively. Impedance matching (consistency) will be able to be taken at the time of "Ri=R m ." 
[0042] Drawing 4 is the graph charts which illustrated the reflection property (delta dependency) 
according to an upper type, it takes the above "delta" along a horizontal axis, takes relative 
reflectance (0 thru/or 1) along a vertical axis, and shows both relation. About the graph curve, it 
was referred to as "Ri=R m =0.90" in consideration of conspicuousness, and finesse is set up 
lowness rather than the actual condition. 

[0043][One number] At the time of "delta=p-pi" (p is even number), the reflectance over which 
only the resonator 51 is covered falls, incident light enters in the resonator concerned, and 
internal light intensity becomes large so that it may understand from the square paragraph of the 
sine function sin (delta/2) being included in a formula. This is called the "resonance state" and it 
is referred to as "Locking" to make the resonance state hold. 

[0044] In order to maintain to disturbance, such as vibration and a temperature change, so that 
cavity length may fulfill conditions of "delta=2 and pi-L i / lambda=p-pi", a variable control 
means of light-path-length Li is needed. For that purpose, what is necessary is to change a mirror 
(see M3 of drawing 2 , and m3.), a position of an optical element, etc., or just to change the 
refractive index using an electrooptics element. For example, a transportation device and a 
driving means using PZT, VCM, a stepping motor, etc. are mentioned. 

[0045]Allowable frequency full width at half maximum in a case of changing a value of delta by 
changing light path length of a resonator (when describing half breadth as "deltao.5") They are the 
twice and "2deltao.5 M - If it attaches, a decrement concerning reflectance over which only a 
resonator is covered is calculated from a value used as half [ of a value in the peak points (delta= 
0, 2 pi, etc.) ], and is about given by a lower formula. 
[0046] 
[Equation 2] 



[0047]This is called for also from delta from which the transmissivity over which only a 
resonator is covered becomes half [ of the value in a peak point ]. 
[0048] Drawing 5 is the graph charts which illustrated the delta dependency of relative 
transmittance, it takes the above "delta" along a horizontal axis, takes relative transmittance (0 
thru/or 1) along a vertical axis, and shows both relation. About a graph curve, it was referred to 
as "Ri=R m =0.90" in consideration of conspicuousness, and finesse is set up lowness rather than 
the actual condition. 

[0049]Although a point relative transmittance indicates one half of the peak values to be to a 
figure as an arrow shows appears in both sides of a peak, a difference (width) of delta value 
during both points is the full width at half maximum "2anddeltao. 5 " of allowable frequency. 
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[0050]When using catoptric light from the resonator 5_1 in the FM side band method, it is 
advantageous to take more greatly about the frequency fl of the above-mentioned modulating 
signal than penetration half width "deltao.5." 

[00511 Drawing 6 shows the delta dependency of relative reflectance, and expands and shows 
near [ in drawing 4 ] delta= 0. 

[0052] Since a tendency for relative reflectance to fall rapidly is accepted in the range (the range 
of 0.5 or less relative reflectance) which full width at half maximum "2deltao.5 M shows so that it 
may illustrate, when detecting catoptric light, if the frequency fl was set as the within the limits 
concerned, light penetrates and it is inconvenient. 

r0053] Drawing 7 expands and shows an example (delta dependency) of an error signal (Err) 
generated based on a photodetection signal and a modulating signal, it takes "delta" along a 
horizontal axis, and a signal value (a relative value is shown, a scale is arbitrary and there is no 
special semantics in the value itself.) is taken and shown on a vertical axis. 
[0054] When resonance frequency of a resonator approaches a frequency neighborhood of a laser 
beam, the error signal Err is a signal acquired based on balance of a double sideband signal 
(both-sides wave) to reflect, and shows the direction and size about a gap from a resonance 
position (delta= 0). That is, in a right half plane of drawing 7 . if you follow delta axis for 
Masakata, after reaching a positive peak value in which a value rises, and a value's falling 
suddenly and showing a bottom value, it carries out asymptotic to delta axis. In a left half plane 
of drawing 7 , if you follow delta axis to a negative direction, after a value falls, and reaching a 
bottom value, and a value's rising suddenly and showing a peak value, it carries out asymptotic 
to delta axis. Thus, since a graph curve has 1 80-degree symmetry-of-revolution nature mostly in a 
circumference of the starting point of delta= 0, a direction and a size of a gap from a resonance 
position can be grasped from an error signal. 

[0055]Therefore, if a reverse feedback system for performing position modification of 
components (mirror etc.) of a resonator, etc. is formed in the above-mentioned control circuit (it 
controls so that an error becomes zero.) and light path length of a resonator is controlled, the 
resonance state can be maintained, in addition — there is no side band (ingredient of a side band) 
in catoptric light -****- if it is made to be contained mostly, amplitude of an error signal 
becomes large and, generally a signal-to-noise (S/N) ratio can be enlarged. 
[0056] About the nonlinear optical element 8 in the first resonator 51, KTP, BBO, LBO, 
LiNb0 3 , etc. are used, for example. Periodically-Poled Crystals (for example, PP-KTP, PP- 
LiNb0 3 , etc.) developed in recent years can also be used. When a wavelength changing element 
is used, after a laser beam of the second wavelength in which wavelength changing was carried 
out by the element concerned is outputted from the first resonator 51 to a laser beam of the first 
wavelength outputted by laser light source, it enters into the second resonator 5 2. That is, an 
outputted ray by which wavelength changing was carried out by round power becoming high by 
resonance is equivalent to the above-mentioned LT6 (refer to drawing 2 ) to a fundamental wave 
(for example, lambda= 1 064 nm). 

[0057]When using for second harmonic generations (SHG) a crystal which was able to take 
phase matching by a crystal which was able to take phase matching, polarization inversion, or 
other means as the element 8 as an example of wavelength changing, it can change into half 
wavelength (for example, lambda= 532 nm) to wavelength of a fundamental wave. 
[0058] About an outputted ray (see LT6 of drawing 2 ) of the first resonator, it separates from 
light by which wavelength changing was not carried out by the mirror 13 (wavelength separation 
mirror) etc. if needed. 



[0059JA fundamental wave component in which wavelength changing was carried out by the 
nonlinear optical element 8 from becoming the loss about a fundamental wave. It is necessary to 
also take into consideration and calculate wavelength conversion efficiency about reflectance 
"R m " of an upper type (IEEE Journal of Quantum Electronics besides William Kozlovsky, 
Vol.24, No.6,p.913 (1988)). 

[0060]In order to maintain the resonance state about the first resonator 5_1, For example, while 
dividing a detect output by the photodetector 61 into a low- frequency component and a high 
frequency component and sending a high frequency component to the detection section 17 of 
drawing 3 , to the detection section concerned. If signalling frequency equal to the frequency fl 
of a modulating signal is supplied from the signal generator 7 (inner local oscillator) and 
synchronous detection is performed about both phase, the error signal Err will be acquired. The 
servo control section 18 which drives the mirror M3 constitutes a control means of cavity length 
(it is a control means of light-path-length L\ correctly.), and as described above, it can lock a 
resonator based on an error signal. 

[006 1 ] Light which the mirrors 1 3 and 1 4 and the optical system 1 5 of drawing 2 could use 
outputted ray LT6 of the first resonator 51 for the adjustment for doubling with space modes of 
the second resonator 5 2, and passed through the optical system 1 5 enters into the incidence 
mirror ml of the second resonator 5_2. 

[0062]About the characteristic concerning the second resonator 5_2, it is the same as that of the 
resonator 5_1 fundamentally, If synthetic reflectance until just before making reflectance of the 
mirror ml into "ri", going other mirrors and elements around and returning to the mirror ml 
again is made into "r m ", When an optical path of a resonator is adjusted good, Reflectance of the 
whole resonator with which light entered from the mirror ml, A formula which replaced "Ri" by 
"ri" and replaced "R m " by "r m " in the above-mentioned [an one number] formula, respectively 
(about delta.) Of course, it is necessary to use circumference light-path-length L 2 of the second 
resonator, input light wavelength, etc. It was given, for example, impedance matching will be 
able to be taken at the time of "ri=r m ." 

[0063] As the nonlinear optical element 16 placed into the resonator 5 2, when a crystal for 
second harmonic generations (BBO, CLBO, LB4 grade) is used, for example, A part of input 
light (for example, lambda= 532 nm) of a resonator is outputted as optical LT7 which it is 
changed into half wavelength (266 nm), and is shown in drawing 2 . To perform such wavelength 
changing, it is necessary to calculate "r m " in consideration of conversion efficiency. 
[0064]What is necessary is to transpose frequency "fl" of a modulating signal to "fl" in 
explanation about the first resonator of the above, and just to perform a read substitute suitably, 
in order to maintain the resonance state about the second resonator. That is, while dividing a 
detect output by the photodetector 6 2 into a low-frequency component and a high frequency 
component and sending a high frequency component to the detection section 1 7, If signalling 
frequency equal to the frequency f2 of a modulating signal is supplied to the detection section 17 
from the signal generator (local oscillator) 7 and synchronous detection is performed about both 
phase, the error signal Err will be acquired. The servo control section 1 8 which drives the mirror 
m3 constitutes a control means (correctly control means of light-path-length L 2 ) of cavity length, 
and can lock a resonator based on the error signal Err. 

[0065] Drawing 8 shows the frequency dependence of reflectance of each resonator, and a 
relation of modulation frequency, (A) The incident wave length dependency of relative 
reflectance which requires a figure for the first resonator 51 is shown, the incident wave length 
dependency of relative reflectance which requires the (B) figure for the second resonator 5 2 is 



shown, and the (C) figure shows spectrum of light which enters into the resonator 51 in 
response to abnormal conditions with the phase modulator 3, respectively. Since the (A) figure 
and B (figure) are considered only within the specific wavelength circumference, a horizontal 
axis expresses frequency, moreover — give priority to simplification of explanation, set 
frequency of light to "fO" (= c/lambda and c are the speed of light.), and only frequency 
concerned and the above-mentioned frequency fl, a sum frequency of £2, and a difference cycle 
are shown in the (C) figure (a graphic display - for convenience, although line width is shown 
thickly) There is no meaning in particular. Although a sum frequency of fl and £2, a difference 
cycle, etc. are not displayed, it is taking into consideration that only modulation frequency of a 
request in which modulated light is contained can be chosen by choosing suitably frequency of a 
signal generator (local oscillator) used in the case of synchronous detection. Although frequency 
"fO" is shown in the center of a transmission band of a resonator, this is for simplification of 
explanation (unless locking is usually performed, not fixed to such a position.). 
[0066] (A) In this example, a direction of the first resonator is larger than the second resonator 
about penetration width so that comparison with a figure and the (B) figure may show. 
[0067] (C) In a figure, as a line prolonged up shows, respectively, an upper part wave of 
frequency "f0+f2" by f2 is located in a right flank of fO, and an upper part wave of frequency 
"fO+fl " by fl is located in it at a place a little distant from now on. As a line prolonged caudad 
shows to a left side of fO, respectively, a bottom wave of frequency "f0-f2" is located and a 
bottom wave of frequency "fO-fl " is located in a place a little distant from now on. 
[0068]In the first resonator 51, since frequency "fO+fl " and "fO-fl " are located in the outside of 
a transmission band, a modulated light component will be reflected, without hardly penetrating. 
That is, if a phase modulation is performed using the frequency fl which does not penetrate the 
first resonator, catoptric light from the first resonator can be taken out (f0**fl), and an error 
signal of the FM side band method with a high S/N ratio can be acquired. 
[0069] About a light component modulated in the phase modulator 3 by £2 whose frequency is 
lower than fl, since transmissivity is high when the first resonator 5_1 locks, most portion enters 
into the first resonator. For example, when it supposes that the nonlinear optical element 8 shown 
in drawing 2 is a crystal for second harmonic generations and light of wavelength which is the 
half occurs to wavelength of a fundamental wave, it will enter in the first resonator also about a 
phase modulation component of a high rate, and wavelength changing will be received. The 
frequency fO (= c/lambda) of light which is a career (subcarrier) at this time, and the frequency f2 
of a modulating signal interfere, and a side wave of f0**f2 occurs around fO. And if these are 
frequency with high reflectance in the second resonator 5 2, catoptric light containing the 
ingredient concerned can be taken out from the resonator concerned, and an error signal can be 
acquired. That is, although a light component of "f0**f2" penetrates the first resonator 5_1 
mostly about the frequency £2, in the second resonator 5 2, it is chosen so that it may be 
reflected and this can be used for a lock of the second resonator. 

[0070]Therefore, when performing wavelength changing as mentioned above, make into "the 
first wavelength" wavelength of light outputted by laser light source, and wavelength of light by 
which wavelength changing was carried out by a nonlinear optical element in the first resonator 
as "the second wavelength", When light of the wavelength concerned enters into the second 
resonator, while acquiring an error signal about a laser beam of the first wavelength using the 
catoptric light and locking the first resonator, About a laser beam of the second wavelength, an 
error signal can be acquired using the catoptric light, and the second resonator can be locked 
simultaneously. 



[0071]Thus, while providing two steps of external resonators 5_1, and 5_2 to the laser light 
source 2 in drawing 2 , Only the one phase modulator 3 that can maintain each resonator at the 
resonance state using the FM side band method, and a deer therefore does not need to make 
arrange a phase modulator in the preceding paragraph of each resonator, respectively, either, and 
is arranged at the preceding paragraph of the first resonator 51 will be required. However, as it 
described above about assignment of desirable modulation frequency on that occasion, Light 
which received abnormal conditions with the frequency fl is reflected with the first resonator 
5_1 , And it is desirable for light which received abnormal conditions with the frequency f2 to 
penetrate the first resonator 51, and to be reflected with the second resonator 5_2 after 
wavelength changing, and, then, it can generate an error signal in two steps of resonators using 
each catoptric light. Since a large signal required for control can be taken by using catoptric 
light, more advantageous locking than a case where the transmitted light is used becomes 
possible. 

[0072] In the above-mentioned explanation, in order to realize locking stabilized more about each 
resonator, used the different frequency fl and a modulating signal of f2, but. Composition of 
having made it impress the signal concerned to the phase modulator 3 may be used using a 
modulating signal of not only this but single frequency (it becomes advantageous by 
simplification and a cost aspect of composition.). Namely, what is necessary is just to fulfill 
conditions of a part of side wave's being reflected with the first resonator and other side waves 
penetrating the first resonator, and being reflected with the second resonator after wavelength 
changing about light which received abnormal conditions. 

[0073] About a modulating signal generated by the signal generator 7. The first frequency 
component required to generate an error signal used in order to hold the resonance state about the 
first resonator, As long as it is specified that it has the second frequency component required to 
generate an error signal used in order to hold the resonance state about the second resonator, or 
these frequency components are included as an ingredient of a sum frequency, a difference cycle, 
or harmonics, what kind of frequency may be used. 

[0074]In order for a sum frequency or a difference cycle which may be generated in the case of 
cross modulation not to interfere with the HARASHIN item, It is desirable that frequency of a 
phase modulation used with the first resonator and second resonator, respectively is not 
harmonics of another side mutually, not to express a ratio of frequency, for example as an integer 
ratio of 10 or less figures further, etc. (a matter of these is effective when choosing frequency.). 
When sum frequency and difference frequency set up differ from frequency of the HARASHIN 
item, it is also possible to generate an error signal using these sum frequencies and difference 
cycles. 

[0075] Although a method of arranging one phase modulator to the front, and impressing it to a 
modulating signal rather than the first resonator as mentioned above about a phase modulator at 
this, and a method of impressing a modulating signal to either of them while forming two or 
more phase modulators are mentioned, From a viewpoint of simplification of composition, the 
former is preferred. 

[0076] When you use different frequency (for example, fl, f2), the first frequency component 
should be high frequency from the second frequency component (fl>f2). Although it is desirable 
not to become a relation of harmonics of another side mutually, since the FM side band method 
is the method of forcing a noise extremely, Even if it is fl when almost close to f2 (fl **f2), and 
f2 is a case (fl<f2) of high frequency from fl, two steps of the above-mentioned locking can be 
performed. However, even if it raises that a S/N ratio falls in these cases, or influence of 



disturbance becomes large, without a profit going up, or a profit by force, problems, such as 
causing destabilization by the increase in a noise component, should be considered. 
[0077] Although this invention can be generalized and applied to control for locking each 
resonator simultaneously in a laser beam generator provided with two or more resonators, about 
each resonator, a gestalt shown below is mentioned, for example. 

[0078](A) By a nonlinear optical element arranged inside the first resonator of a gestalt (B) that 
has a gain medium inside the first resonator, and amplifies and outputs a laser beam, a gestalt (C) 
with which a second harmonic or a third harmonic wave is generated - a gestalt which a 
nonlinear optical element arranged in the second resonator is used [ gestalt ] as an element for 
light mixing, and generates light of a sum frequency by multiplexing of two laser beams, or a 
difference cycle. 

[0079]Here, the first resonator is either of two or more resonators, and the second resonator is 
resonators other than the first resonator. 

[0080]First, a gestalt (A) performs injection locking which amplifies a laser beam. 
[0081] About a gestalt (B), like previous statement, half wavelength changing (or obtain 
frequency twice) is performed to wavelength of an incident wave, and wavelength changing (or 
obtain frequency 3 times) of 1/3 is performed to wavelength of an incident wave by a third 
harmonic generation at a second harmonic generation. 

[0082]In a gestalt (C), an element is irradiated with two lights, frequency (angle) omegal and 
omega2, and light of both sum frequency omega (=omegal+omega2) can be obtained, for 
example. 

[0083] Drawing 9 shows an example 19 of such composition, and two laser light source 2Bs, 2C, 
the three resonators 5_1, 5_2, and 5_3 are used for it. 

[0084]An outputted ray of laser light source 2B (for example, wavelength lambdal=532nm) of 
single frequency enters into the first resonator 51 through the phase modulator 3 and the optical 
system 4 for mode matching. 

[0085]The four mirrors Ml thru/or M4 and the wavelength changing element 20 are formed in 
the resonator 5_1, and Ml, the element 20, and M2 are arranged on a main optical path. After 
amounting to M2 via the element 20 from Ml, an optical path which light reflected here is 
reflected in order of M3 and M4, and returns to Ml again is formed. A part of catoptric light by 
the mirror M4 penetrates Ml, and it is detected by the photodetector 61. 
[0086] About control of cavity length concerning the first resonator 5_1, a transportation device 
and movable mechanisms, such as PZT and VCM, are provided in at least one of Ml thru/or M4. 
[0087]Outputted ray LT6 of the first resonator 51 is carried out by the wavelength separation 
mirror 21 for 2 minutes, and one of these is sent to the light sensing portion 22. Photodetectors 
(for surveillance etc.) or a beam dump (attenuator) is used for the light sensing portion 22. Light 
of another side divided in the wavelength separation mirror 21 enters into the second resonator 
5_2 through the optical system 23 for mode matching. 

[0088]The four mirrors ml thru/or m4 and the element 24 for sum frequency mixing are formed 
in the second resonator 5 2. That is, after being reflected one by one by m2 and m3 and light 
which entered from ml passes through the element 24, an optical path which is reflected by m4 
and returns to Ml again is formed. A part of catoptric light by the mirror m4 penetrates ml, and 
it is detected by the photodetector 6_2. And in order to control cavity length concerning the 
second resonator 5_2, a transportation device and movable mechanisms, such as PZT and VCM, 
are provided in at least one of ml thru/or m4. 

[0089]An outputted ray of the laser light source 2C (for example, wavelength lambda2=750nm) 



of single frequency enters into the third resonator 5 3 through the optical system 26 for mode 
matching, after receiving abnormal conditions with the phase modulator 25. 
[0090]The four mirrors kl thru/or k4 and the element 24 are formed in the third resonator 5_3, 
and the element 24 is shared between the resonators 5 2. 

[0091 ]In the resonator 5_3, after light which entered into the mirror kl is reflected one by one by 
k2 and k3, and passing through the element 24, an optical path which is reflected by k4 and 
returns to kl again is formed. A part of catoptric light by the mirror k4 penetrates kl, and it is 
detected by the photodetector 6 3. Although there is no necessity which controls the cavity 
length about the resonator 5_3, when performing the control concerned, a transportation device 
and movable mechanisms, such as PZT and VCM, are provided in at least one of kl thru/or k4. 
[0092]About control for the resonator 5_1 and locking concerning 5_2. While being the same as 
that of an already explained method, for example, impressing the frequency fl and a modulating 
signal of f2 to the phase modulator 3, Modulation components of light by a signal of fl are made 
to be reflected with the first resonator 51, and modulation components of light by a signal of f2 
penetrate the first resonator 5_1, and are made to be reflected with the second resonator 5_2. And 
what is necessary is for the photodetector 6 2 to detect light reflected by the mirror m4 of the 
resonator 5_2, to acquire each error signal by synchronous detection, and just to change each 
cavity length by control of a movable mirror, while the photodetector 61 detects light reflected 
by the mirror M4 of the resonator 5_1 . Of course, a modulating signal of single frequency 
instead of fl and f2 may be impressed to the phase modulator 3. About frequency of a 
modulating signal impressed to the phase modulators 3 and 25, respectively, both may be 
decided independently, and the resonator 5 2 and 5_3 may be locked according to each, and 
frequency may be made the same, and the same local oscillator may be used. 
[0093]In this composition, wavelength of outputted ray LT6 of the resonator concerned serves as 
half [ of wavelength of a fundamental wave ] (lambda 1 /2= 266 nm) as a result of a second 
harmonic generation by the wavelength changing element 20 in the first resonator 5_1 . 
[0094] And as a result of carrying out frequency addition of light and the above-mentioned LT6 
in the element 20 for light mixing from the laser light source 2C, outputted ray LT8 is obtained 
from the element concerned. When describing wavelength of optical LT6 as "lambda 1", anew 
wavelength (lambda) of optical LT8, In "l/lambda=l/lambdal+l/lambda2" which rewrote 
"omega=omegal+omega2" to an expression of relations about wavelength, it can be found by 
substituting lambdal=266 (second harmonic) and lambda2=750, respectively, and lambda is set 
to about 196 nm. 

[0095]Thus, after a laser beam penetrates a phase modulator with which a modulating signal was 
impressed, Composition it was made to enter one by one can be used for two or more resonators 
(for example, resonator considered as column arrangement), without wavelength changing's 
being carried out by nonlinear optical element arranged in the first resonator, and passing 
through other phase modulators after that by it. And each resonator can be kept simultaneous to 
the resonance state by the FM side band method using an error signal generated from a 
photodetection signal concerning a modulating signal and each resonator also in this case. 
[0096]In composition shown in drawing 9 , if the third resonator 5_3 is entered using an 
outputted ray of laser light source 2B, without using the laser light source 2C, an outputted ray of 
3 time frequency by a sum frequency generation can be obtained. 

[0097]For example, light which passed through the phase modulator 3 from laser light source 2B 
is carried out with a half mirror etc. for 2 minutes, About light of one of these, the first resonator 
51 is entered via the optical system 4 for mode matching, and the third resonator 5_3 is entered 



about light of another side via the optical system 26 for mode matching or the phase modulator 
25, and the optical system 26 for mode matching. Since one (2omega) twice the frequency of 
fundamental frequency (omega) is obtained by the element 20 in the first resonator 5_1 and 
frequency of a pan "omega+2omega=3omega" is obtained by the element 24 for sum frequency 
mixing, Wavelength of outputted ray LT8 drops to 1/3 to the original wavelength depended on 
laser light source 2B (for example, 532 / 3**177 nm). 

[0098] About a phase modulator used in this case. The one phase modulator 3 may be used in 
common to the first and the second resonator or the first thru/or the third resonator, and the phase 
modulator 25 may be used for exclusive use to the third resonator using the phase modulator 3 to 
the first and the second resonator. And about frequency of a modulating signal used for control 
for locking each resonator, different frequency to each resonator may be used, and the same 
frequency may be used to two or more resonators. 

[0099]In addition, although this invention can be carried out with various kinds of gestalten, it is 
preferred that setting out whose penetration width of the first resonator of the above is wider than 
penetration width of the second resonator is used about width of a transmission band concerning 
two or more resonators (see drawing 8 (A) and (B).). 

[0100]The frequency £2 of a phase modulation signal used in order to hold the resonance state of 
the second resonator, Equivalent to frequency (this is described as "deltai".) equivalent to 
penetration width of the first resonator almost, equivalent to frequency (this is described as 
"delta 2 ".) which considers it as a low frequency wave rather than this, and is equivalent to 
penetration width of the second resonator almost or it is considered as high frequency rather than 
this. That is, "£2<=deltai" is conditions for a side wave depended on £2 to penetrate the first 
resonator mostly, and "f2>=delta 2 " is conditions for a side wave to be mostly reflected in the 
second resonator. 

[01 01] And although "fl>=deltai" and "f2<=deltai" are preferred, the former is conditions for a 
side wave depended on the frequency fl to exist in an outside zone of a penetration belt of the 
first resonator, and the latters are conditions for a side wave depended on the frequency £2 to be 
in a transmission band of the first resonator. 

[0102]For locking where a resonator was stabilized, it is required to be in phase relation where 
each of two or more modulation frequency, those sum frequency signals, or a difference cycle 
signal was stabilized to frequency (oscillating frequency by the signal generator 7) of a 
corresponding modulating signal. For that purpose, it is preferred to enable it to adjust phase 
delay quantity independently to each modulation frequency in the case of synchronous detection. 
For example, what is necessary is to insert a delay (delay) circuit between the photodetector 61, 
and 6_2 and the detection section 17, and just to constitute in drawing 3 , so that it can adjust 
about phase retardation of a photodetection signal. 

[0103]a deer being carried out, and light generated by a nonlinear optical element arranged in the 
resonator concerned to the second resonator in this invention, without passing through a phase 
modulator, after entering in the first resonator a laser beam by which the phase modulation was 
carried out, [ make enter and ] While detecting light from the first and the second resonator, 
respectively, two or more resonators can be kept simultaneous to the resonance state by 
generating an error signal from each detecting signal and a modulating signal, and controlling 
each light path length for every resonator. 

[0104]Therefore, various kinds of advantages shown below are acquired. 

[0105]- Since two or more resonators can be stably locked by the FM side band method using a 

small number of phase modulators rather than before, an equipment configuration is simplified 



and it is suitable for a miniaturization or reduction of cost. 

[0106]- In application to ultraviolet radiation or ultraviolet rays, it is useful. For example, when 
wavelength of an outputted ray by which wavelength changing was carried out with the first 
resonator of the above is 400 nm or less, it is not necessary to use a highly efficient phase 
modulator. That is, although a receipt route of an element will be restricted about a phase 
modulator which can be used for abnormal conditions of ultraviolet rays etc. with inconvenience 
that need high tension or element size's being large and cost including a power supply increase, 
In the above-mentioned composition, since it ends with a phase modulator which such a problem 
is cheap absolutely none and is easy to use, time which reduction of of cost is attained and 
manufacture of a device takes can be shortened. 

[0107]- Composition and a method of having been suitable for a rise and a miniaturization of 
efficiency can be provided, and it is effective for reduction of power consumption, or reduction 
of a disposition space. 
[0108] 

[Effect of the Invention] According to the invention concerning claim 1 or claim 16, so that 
clearly from the place indicated above. Of course, since it is not necessary to form a phase 
modulator in each preceding paragraph to each resonator, it can lock two or more resonators 
simultaneously using a small number of phase modulators that stable locking of a resonator 
becomes possible by using the FM side band method rather than before. In the application to 
ultraviolet rays etc., it is not necessary to use a special phase modulation. 
[01 09] According to the invention concerning claim 2 or claim 17, each resonator can be locked 
more in stability by using the modulating signal of different frequency. 

[01 10] Since it is hard to receive the influence by the temperature change of a nonlinear optical 
element, etc. according to the invention concerning claims 3 thru/or 6 and claims 18 and 19, it is 
stabilized more and wavelength changing using the element concerned can be performed 
efficiently. 

[01 1 1] According to the invention concerning claim 7 or claims 20 and 21 , each resonator can be 
simultaneously locked using a signal with the frequency component corresponding to each 
resonator. 

[01 12] According to the invention concerning claim 8 or claim 22, a signal -noise ratio is high and 
locking stable to disturbance becomes possible. 

[01 13]According to the invention concerning claim 9, a desired output can be obtained by 
amplification of a laser beam. 

[01 14]According to the invention concerning claim 10, the outputted ray of short wavelength can 
be obtained by a harmonic generation. 

[01 15] According to the invention concerning claim 1 1, the outputted ray of various wavelength 
can be obtained by generating of a sum frequency or a difference cycle. 

[01 1 6] A laser beam can be entered one by one to the resonator arranged without passing through 
a phase modulator, and each resonator can be locked simultaneously, and according to the 
invention concerning claim 12 or claim 23, there are few losses of light volume and it is 
efficient. 

[01 17] Since according to claims 13 thru/or 15 and claims 24 thru/or 26 an error signal can be 
acquired using the detecting signal of catoptric light while being able to distinguish and use each 
modulation frequency about the first resonator and second resonator, it is advantageous to 
locking of a resonator. 



CLAIMS 



[Claim(s)] 

[Claim 1]A laser light source which outputs a laser beam. 

A signal generator which generates a modulating signal impressed to a phase modulator and the 
phase modulator concerned. 

Two or more resonators containing the second resonator arranged in the latter part rather than the 
first resonator and resonator concerned. 

A nonlinear optical element arranged in a resonator of the above first. 

An optical system for being arranged between a light-path-length variable means for changing 
light path length of each resonator, respectively, and the above-mentioned laser light source and 
a resonator, and between two resonators, and combining both, A control circuit which has the 
composition of negative feedback in order to acquire an error signal from a detecting signal 
acquired by photodetector which receives light from each resonator, respectively, and the above- 
mentioned photodetector, and the above-mentioned modulating signal and to control the above- 
mentioned light-path-length variable means in accordance with the FM side band method using 
the error signal concerned. 

After it is the laser beam generator provided with the above, and the above-mentioned laser beam 
enters into the above-mentioned phase modulator and can give a phase modulation, while 
entering into the first resonator of the above, While light from that light generated by the above- 
mentioned nonlinear optical element enters into the second resonator of the above, the above- 
mentioned first, and the second resonator is detected by the above-mentioned photodetector, 
respectively, By light path length being controlled for every resonator based on the above- 
mentioned error signal, a resonator of these plurality is kept simultaneous to the resonance state. 

[Claim 2]While arranging one or more phase modulators with which a modulating signal of 
different frequency is impressed in a laser beam generator indicated to claim 1 on an optical path 
between a laser light source and the first resonator, A laser beam generator characterized by 
making it light outputted from the first resonator enter into the second resonator via a phase 
modulator. 

[Claim 3]A laser beam generator, wherein wavelength changing is performed by a nonlinear 
optical element arranged in the first resonator in a laser beam generator indicated to claim 1 . 
[Claim 4]A laser beam generator, wherein wavelength changing is performed by a nonlinear 
optical element arranged in the first resonator in a laser beam generator indicated to claim 2. 
[Claim 5]While a laser beam of the second wavelength in which wavelength changing was 
carried out by nonlinear optical element enters into the second resonator to a laser beam of the 
first wavelength outputted by laser light source in a laser beam generator indicated to claim 3, A 
laser beam generator, wherein the first resonator is maintained at the resonance state about a 
laser beam of the first wavelength and the second resonator is maintained at the resonance state 
about a laser beam of the second wavelength. 

[Claim 6]While a laser beam of the second wavelength in which wavelength changing was 
carried out by nonlinear optical element enters into the second resonator to a laser beam of the 
first wavelength outputted by laser light source in a laser beam generator indicated to claim 4, A 
laser beam generator, wherein the first resonator is maintained at the resonance state about a 
laser beam of the first wavelength and the second resonator is maintained at the resonance state 
about a laser beam of the second wavelength. 



[Claim 7]In a laser beam generator indicated to claim 2, In order to hold the resonance state 
about the first frequency component and second resonator concerning an oscillation signal 
required to generate an error signal used in order to hold the resonance state about the first 
resonator. A laser beam generator a signal generator's generating a modulating signal which has 
the second frequency component concerning an oscillation signal required to generate an error 
signal to be used, and impressing the signal concerned to either 1 or two or more phase 
modulators. 

[Claim 8]A laser beam generator in which the first frequency component is characterized by 
being high frequency rather than the second frequency component in a laser beam generator 
indicated to claim 7. 

[Claim 9] A laser beam generator, wherein the first resonator has a gain medium in the inside and 
amplifies and outputs a laser beam in a laser beam generator indicated to claim 1 . 
[Claim 10] A laser beam generator, wherein harmonics are generated by a nonlinear optical 
element arranged inside the first resonator in a laser beam generator indicated to claim 1 . 
[Claim 1 1]A laser beam generator using as an element for light mixing a nonlinear optical 
element arranged in the second resonator in a laser beam generator indicated to claim 1, and 
generating light of a sum frequency by multiplexing of two laser beams, or a difference cycle. 
[Claim 12] After penetrating a phase modulator with which a modulating signal was impressed in 
a laser beam generator indicated to claim 1, A laser beam wavelength changing was carried out [ 
a laser beam ] by nonlinear optical element arranged in the first resonator, A laser beam 
generator, wherein each resonator is kept simultaneous to the resonance state by the FM side 
band method using an error signal generated from a photodetection signal which enters into two 
or more resonators one by one, without passing through other phase modulators, and starts the 
above-mentioned modulating signal and two or more above-mentioned resonators. 
[Claim 13] A laser beam generator, wherein penetration width of the first resonator is made larger 
than penetration width of the second resonator in a laser beam generator indicated to claim 1 . 
[Claim 14]Frequency of a phase modulation signal used in a laser beam generator indicated to 
claim 1 in order to hold the resonance state of the second resonator, A laser beam generator 
which are almost equivalent to frequency equivalent to penetration width of the first resonator, 
are almost equivalent to frequency which is made into a low frequency wave rather than this, and 
is equivalent to penetration width of the second resonator, or considering as high frequency 
rather than this. 

[Claim 1 5]Frequency of a phase modulation signal used in a laser beam generator indicated to 
claim 1 in order to hold the resonance state of the first resonator, A laser beam generator, 
wherein frequency of a phase modulation signal used in order to be made larger than penetration 
width of the first resonator and to hold the resonance state of the second resonator is below 
penetration width of the first resonator. 

[Claim 16] While detecting light which enters light by which the phase modulation was carried 
out to two or more resonators after a phase modulation about a laser beam, and is obtained from 
each resonator, respectively, An error signal is acquired from a detected signal and a modulating 
signal used for a phase modulation, . Carry out variable control of the light path length who starts 
each resonator in accordance with the FM side band method. [ enter / are a laser beam generation 
method and / light generated by a nonlinear optical element arranged in the resonator concerned 
after entering in the first resonator a laser beam by which the phase modulation was carried out 
with a phase modulator in the second resonator and ] A laser beam generation method keeping a 
resonator of these plurality simultaneous to the resonance state by generating an error signal 



from each detecting signal and the above-mentioned modulating signal, and controlling each 
light path length for every resonator while detecting light from the above-mentioned first and the 
second resonator, respectively. 

[Claim 1 7] While entering into the first resonator, a laser beam by which the phase modulation 
was carried out with a phase modulator by which a modulating signal of different frequency is 
impressed in a laser beam generation method indicated to claim 16, A laser beam generation 
method characterized by making it light outputted from the first resonator enter into the second 
resonator, without passing through a phase modulator. 

[Claim 1 8] A laser beam generation method performing wavelength changing about a laser beam 
by a nonlinear optical element arranged in the first resonator in a laser beam generation method 
indicated to claim 16. 

[Claim 19]While entering into the second resonator, a laser beam of the second wavelength in 
which wavelength changing was carried out by nonlinear optical element in a laser beam 
generation method indicated to claim 18 in response to a laser beam of the first wavelength 
outputted by laser light source, A laser beam generation method holding the first resonator to the 
resonance state about a laser beam of the first wavelength, and holding the second resonator to 
the resonance state about a laser beam of the second wavelength. 

[Claim 20] A laser beam generation method using higher harmonic signals, those sum frequency 
signals, or a difference cycle signal of an original modulating signal impressed to a phase 
modulator, or the signal concerned as a modulating signal used for the FM side band method in a 
laser beam generation method indicated to claim 16. 

[Claim 21]The first frequency component concerning an oscillation signal required to generate 
an error signal used in a laser beam generation method indicated to claim 16 in order to hold the 
resonance state about the first resonator, The second frequency component concerning an 
oscillation signal required to generate an error signal used in order to hold the resonance state 
about the second resonator, A laser beam generation method characterized by making it 
contained in a signal of a sum frequency of a modulating signal impressed to a phase modulator, 
or the signal concerned, a difference cycle, or harmonics. 

[Claim 22]A laser beam generation method specifying the first frequency component in 
frequency higher than the second frequency component in a laser beam generation method 
indicated to claim 21. 

[Claim 23]In a laser beam generation method indicated to claim 16, after a phase modulation, A 
laser beam in which wavelength changing was carried out by nonlinear optical element arranged 
in the first resonator, A laser beam generation method holding the resonance state simultaneously 
about each resonator by the FM side band method using an error signal generated from a 
photodetection signal and a modulating signal which enter into two or more resonators one by 
one, without passing through other phase modulators, and start two or more above-mentioned 
resonators. 

[Claim 24]A laser beam generation method with which a direction of the first resonator is 
characterized by a twist setting penetration width as the second resonator widely in a laser beam 
generation method indicated to claim 16. 

[Claim 25]Frequency of a phase modulation signal used in a laser beam generation method 
indicated to claim 1 6 in order to hold the resonance state of the second resonator, A laser beam 
generation method characterized by what it is almost equivalent to frequency equivalent to 
penetration width of the first resonator, or it is considered as a low frequency wave rather than 
this, is almost equivalent to penetration width of the second resonator, or was specified to high 



frequency rather than this. 

[Claim 26]Frequency of a phase modulation signal used in a laser beam generation method 
indicated to claim 16 in order to hold the resonance state of the first resonator, A laser beam 
generation method making below into penetration width of the first resonator frequency of a 
phase modulation signal used in order to make it larger than penetration width of the first 
resonator and to hold the resonance state of the second resonator. 
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M3^|girri.-9--^§iJ«i8«i. ±t«^SM# 

[00 6 1] 02cr)S5-l 3, 14*3*5^1511. 
S-^)fti8»5_lwaj*3tLT6&, SO0£«#5 

mm 5*mm. mz<o**t§5_ 

2<0A«S9-mlK:A«S<t*. 
[00 62] JSZOftJR»5_2tff4«pttt-PV^s 
**Wt{±*S»5_lfcR*T* l 5s $5-ml«£ 
St*£ r riJ kU **>»0>$5—*WPfrJBIIIl/C 

st/'s 5-m 1 izmmmtx^f&.mmt: l" r m j 

il. $5-ml*fc3^Alt3fut^»£^Utt* 
tt, ±15 [»l ] j£C*svvc, rRijtr ri jfc, 

«i. m~<r)m^m^m^u^xf]^m 
m*mmt&mtfh&. ) x^i^ti. mm. r r 

1 = r. j okifcM y\:-y>x~?v*f-yytfktvr^ 

[0063] m&5_2ft\zw**&imm?mF? 
1 6 1 ix. mm. mzxmm.^mm B B B ( b b 

O. C LBO, LB4#) *fl§VXfe*6fctt, ftfiSS^ 
<W*tf, A = 5 3 2 nm ) <0H*#, ¥#<0« 
I(266nm) (cS»;&;h.T@l2 fcjj**}fcLT7 k I 
X&JjiStLl. ft. £«J:3^JISE8l£fn*£fc: 

ii. ^immm&Lx r rmJ stf-ati^s*** 
[oo64] m-««^ouT£mts£»#-f & 

Ojfi&lSt r f 1 j r f 2 j fcjISfftiTaCttaiAS 
ifcfritfJiH. o4 0, *ttaj»6_2t:±4Sjajffl 

aw 1 7 icat & t b t> smi* *)jsss 1 2 k « l 



If. HSfi*E r r tfftfcfil, . 5 5-m 3 Srlgirf § 
[0065] E8il. &ftS^KI«<Ojf«fe#tt 

k . ymmmimmz^x^ itzi>nxh o , 

( A ) HtfSI-cOftSII 5 _ 1 Kffi i ffl*f£St*tf)Aff 
*£fle*tt£*U ( B ) Wffi-0)#m 5_2 lefli 
l»fflW$«AI«Wtt?:*L, ( C ) Hil&ffl 
SSSS3fc:J:-jTSSISSftTftJgSI5_l KASftS 
3^**?h9Afc*;fc-e*ijSl/0>*. (A) 
H. B (H) fcovvcii, #gcD$AJffflCPJHT#;t 
TV^W, efiijf«£«LTV^ (C) 
HWl. f^Mi^fiBfeU r f oj 

(=c/A. c(13rifJK. ) kU 3ISJf«k±fBJf 
«fl, f 2 ktf)M£. HS*«»^LTtJ 0 

4v^. > , f i k f 2mm. mmzmixu 

IX^I. t1i. mm r f 0 j #£&K0]£i#tt?> 
fcttiI£S*uflrV\ ) . 

[0066] (A) @k (B) 0fc J: 

A\ %-cO&$m£ y )i>fc<%iX^&. 

[0 06 7] (C)HK*5^T» f Oc^&ttCli, J^r 
Ciy'&Itffif^tJ; o t, f 2 J: & 

r f 0 + f 2 j co±MftWS3fflCS*L. i^^^Siti 
fck f 1 1 J: r f 0 + f 1 j c?)±fIiM 

*«T«l*hiSrf J: o (C, ffitl r f 0 - f 2 j COT 
«fcWBSi«#i, ;tL*^^Sitl?tk;^m« 
r f 0 - f 1 j WTffla&WSatSfiTV^ . 

too 68] ii-?)«§ 5_i«>vv^ mmtf 
o+fij^rfo-fij immmftMMmi- 
&cox\ $mztiiz%mimb ^b-wt-r tzsm* 
tixi£o.^£<9. m-com^m^i^xd^ 
jf«f i zm^xmmtzftiii. m-<n^mt- 
hnmmmftix a o+f 1 > . s/n^s 

V\ r-VN'y r-*-a«mHft^»Sik^T'# 

[ 0 0 6 9 ] 4fc, ffifflS3l»3 {cfcV^T f 1 X *} hM 
> f 2 T-^P S *uWBR»Cov tt , m-co 
#JS» 5_l^a-y^L^k# v W> *> 
49«l»!«»-<^»tA«S*i*. Witf, H2 
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6. znb$*vVT (mmm -c&s^JMcf o 

( = c /A ) k , Smt^JflWR f 2 k #=F# LT , 

f onmizt o+f 2<o«a**»4ts. *lt, - 

2 ico V vt It . r f0 ±f2j «3KfiS:^^m-^ft« 

[0070] f-3t, ±ie<oi a t«ja»*ff a *^ 

fcSj kU ffS-W*j6»rt<^HSBS3t^Ffc«t^T 
i«BE»S*ifc#«*« r«noa*j fcLT, SIS 

[007 1] ClcOi: d fc, H2TJ4W-ir-3(aB2fcdt 

ut, 2jap»wMwaai5_i, 5_2*a»tstk 

<7)£S£f 5 _ 1 (?) mf KfcKS 3 til —?<Dffi8%m$s 3 

tc±o sss&sftfc^is-^iss 5 _ i xmzti 
tzk.zbx. mm f 2 ici "3ssw*»tfc3fc**» 
5 i i . *>o«^stSMcstz<^ 

«B5_2TSaf3*i6ii:!Wa4U<. *<0fc*t« 

2 wftssst: fev vc ^*M»K»3e*flffl t xm 
uzx mmz-m%mz±z < th&cox\ mm, 

[0072] ±IB<0K^Ttt. ftftjlSfcovv^ J: 

fi, f 2ossHt#*fflv^* j . ifLcmt-f, #- 

MBTSfik**. ) . mh. $m*%immz~?^ 
x. mm-m^m-^m^xm^tLizt, *l 



[ 0 0 7 3 ] 4fc, ft-fftegimcJ: 9*£3*il>3SH 

ii«^k. fszw^ajsto^T^aawsfisw- 
[0074]^, s^wissfca^s "r&Bttw&sft 

«*\ SvHcffi^SPiS-e^v^k. 

ft<oib6*. witf i offittT^mmttkLxmm^ 

fe<o=WS»^8»*fflv^iS3l^*4JS'r4 - k 
[0075] fiH08««IKov^i±, ±lfi<oj; a 1 o 

{« k k (> K, a *>cov ^j^CSBM^* EPjDt 

[0076] m%hmm.{mm, fi, f 2 ) ^ 
i>«a»f*iit (fi>f2),4it, sv^jcfldsr 

KAyHifettaATy'f Xt»^*jfeT*Sfcft, f 1 

mmt 2 izjfiv^nd' ( f 1 ** f 2 ) , *tv^4 f 2*i 

f li"3*fflttW*^ (f Kf 2) XhiXi>. JJB 
Lfc2SPt<7)n7^y^SrfT-5ik* s T"#l» 0 fflU £ 

rJcjiawiW**** < 4 & - k . » h v »l±f iJ#Sr*a 
[0077] 2£Lh<0^ffi»&flli3tl'— f 

9^hi^m\mz-mtbxmmhzkifix% t 

[0078] (a) m-mm^mzmnm^ 

(b) m-^mmmizwrnztimmm^m? 

( c ) m-nmmiznmztimmmm^tfjt 
fi^fli*? k sit. 2 f-jfeD^st i mm 

[0079]^. ^-Wft^Hkii, ^iitWft 
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[0080] net , mm (a) i/-r-3£^*s-r 

[0 0 8 1 ] *fc. *W (B ) fcowc, BBdtoJ: -5 
JgZfti»4rm. AI«<MfctfLT^V) 
(*4W42teffl*ftSf§ac:i: ) **fT*>*u 

CO 1 ( * t V 3 Z k ) **fr 

[0082] MM ( C ) Ttt, 2-OW (ft ) ft 

( = <wl+ft)2) tfattftiifctf-e**. 
[0 0 83] 09(4. ^id&fiiJiSc<7)-Ml 9£^L 
2O0l^-f e -3eag2B, 2Ck. 3o 

[0084] #-ffl»R<0U--- f-3KaB2 B ($Ri4\ 
ifcKA 1 = 5 3 2 nm ) «ffi^3fc{4, ffi^H»3 , =E 

[0 0 8 5] «5_1(I(1 4ft<0$9-MlJM 
M4 kifcfBSSt*^ O^ISft^^TV^T, Ml,*? 
2 0, M2#±#»±ldMS*lTV*4. Hh Ml*»& 
*? 2 0 ^ LT M 2 tit Lfcft, £ £ •VBUttZtUZX 
A*M 3 , M 4 tf)Jf (C|*»S*lTSlflK 1 (CK4#BjWB 
USSftTH*. *fcs $5-M4fc±|,^3fr5 r >-gK s 

m i zm&iximme^ 1 t«t ^tas^ . 
[0086] m-^ws 5 _ i Mu&immMm 

fco^Ttis MlMM4«a%, i!w5:<ki> lotP 
Z T^VC M^^|!l^aS^f)««A 5 iStt^il-CV^ 

[0087] SS-c03M5_l<OSMJ3teLT6{±. * 
A#?S 55-2 1 T2*S-h.T , 2 2 

fciitefti. 53te3S2 2fc«, ftftffltt (fegffl 

ii , SAMf 59-21 T'#**/cfKf cOft*>'*- K~? 

■y^y^m^2 3 te-cio«aai5_2few» 

[0088] m-C0m%5_2ai, 4ft<0$7-m 

i j^sm 4 Rvmmmm-&mm? 2 4 a«Rwfc*vcn 

S. BPfe, mltf^AWSft**^ m2. m3TJIBX 
Rftf$<XT*>^>, *?2 4 m4T*K»f$ftT 
m*MlKMI>3^:WlRS;h."CVv6. 59-m 
4fci *R|t3lW)Hft6 t m 1 ^j§jiiL.T7Kmffil56_2 
fcj:9l&i}3tU>. -fLT, SS3SftfH»5_2fcfl4 

i<kUo(;pzwc ymmm^msaMwm 

[0089] #-JS»SW>I'- -f— «2 C («£», 
fcRA 2 = 7 5 0 n m ) <n&J}ffii. ffifflS9JSS2 5 T 



T^ZWftfiH 5 _ 3 1 A#f Sill>. 

[00 90]mE<OftS»5_3tUi. 4fe<DS9-k 
17 1 )Sk45.V'*?2 4*^(t^ilTfc 1 9. *?2 4# 
5_ 2 k 0lBT#frS*lT Hi . 

[009 1 ]£S»5_3fcfcWC. 59-kltA*f 
§*l)fc#tt. k2, k3T*acR»SfLT*>fe, *?2 

4*gJta. k4T-s»$ixTsy'k legmsum 

kl&5S3il,T3K»iaJS6_3tJ:'3«tiJSfL*. W, 
««S5_3t'OV^T, ^«£»IW§lJ#P£ff^l£ 
tifi&U#\ 3ISBI»£fT3*&{Ctt. klflMk4tf> 
3*>. ^£<kilofcPZT*VCMtSWgJ»^S& 

[0 09 2]ftJH»5_l, 5_2(C«4o-ydfy/tf!) 
fcft^HMfcov^-Ctt, RtKBH tfc*ffik 

js«»f i . f 2^^nft-t^fi«if^ 

3 tEMrr & k k i> fc , f 1 coii^z X IftWS&Mtft 

im-nf&m 5 _ i -cm zti&xdizi. 12m 

»Z<OftSHS5_2TR«S<xS±'3{C'f*. *L"C. 
ftiS8S5_ 1 <05 9-M4TRItS*lfc3K*3l6«ia}»6 
_lX-®ft?&kkl>lZ. «5_2<055-m4T 

R«s*ut3e*3is«iaj»6_2T«ia}ts HswafctJ: 

-iOiBHStJ: OSEfkSHttLtfSv^. ^ift. f 1, f2T" 

{4*< *-aa«<^!ESim^sfflffl3aw» 3 tEpjp ix 
%mm^commMz^xii. mmmzmx. # 

[0093] *ffljST14, 5 _ 1 rtcO«* 

sa^2otj:4*zffl«S3fc4«ii», mim% 

CO&jlftL T 6 Ott**«*ft<0*SO^ (A 1/2 
=266nm) k^4 0 

[0094] -fLT, l^-1f-3KS2C*»fe3ttiJBL 
T 6 *^I^fflcO*? 2 0 fcfcV^-C . ffl«»ai«SjhJt 

<0»**B5ttoT r A 1 j kE^fc*, %LT8C0m 
(A) (4, r a) =„i+ <B 2j tiWK-3V^T«>BMIW 
C»*ltLfc. ri/ A =l/A 1 + 1/A2J (CfcV^ 
T. Al = 266 A2 = 7 50^-eil 

■WlfUi-SdfctiDSiO. A^196nmk^r 

[0095] j; ^ ]x— tf'-3Ki4. SBWe-^W 

it. ftoffiffieai»*e4ik!S:<. 
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[0 0 9 6] ft. H9fc**1ftftfc*jvvc, if-3K 
[0097] MM. l^-f 1 '-«2 B^4ffiff£il» 

t-Kv-y f - yrmt/fiffi 2 6hi\ vtm&aNHt 2 5 
arte- Hv-yf y 2 6 LTmz^o^ 

»5_3fcA»Stf*. !S-<D£ffiif|5_l|%0*^2 
0 fcj; 0 , £*fflttft ( a) ) co2fg«Jf « (2ffl)*s 

a = 3 <u j aJWHfcWI £>il § cot", tiS**L T 8 C0« 
AU U -If-** 2 B (c i S 7CC0«*{c*f LT 3 1 
fc*4 (Witf, 5 3 2/3 = 1 77nm) . 
[0098]$, SffiffiSaBBtov> 

3*fflV\ ®H«^W^t"Ceffl^«H2 5Sr#ffl 

[00 99] #a(0JBSST*fWHSieStt 

i 0 t> £v ^iftjgt $ ftT v ^ i t 1 1 v * ( m 
8 (A) , (B) £#gg. ) . 

[ 0 1 0 0 1 

fcftjcfflv^w ffit»emi-9<ojn tot f 2 * , s-<o 
r A 2J tia-t. ) tmmm*xiizti£r)i>mm%i 

tti.^t*}, r f 2^A,j 14. f 2£J:&ffifcP 

m-^m^mmmi t&mfr-nb 9 . r f 2 

[0101]*l/C, r f i^A lJs rf2^A lJ #' 

mmmmmM^mmtEi-h tz^mx-h 

[0102] WHH^SJgLfcnydf y^wfeftttt. 



*«*0#*^ #JG*43S^^«0fl*R (finite 
«7fcJ:4fBBJ5l«») fc#LT££Lfc{4ffil»fl&K* 

3I8WH»6_1, 6_2fc«WflH7i;«IBfc5Bi 
(f^W) BBiHrtf L/C, mttfi^OffifflSgfc: 

[0103] IfrlX. **WrCtt, flMPiStUfcl' 

OHiS^ufe^BBHJeWFlcJ: OfteSfUft*. ffi 

s. 

[ 0 1 0 4 ] ^T, TTat*t^W«H*W»6#i 
*. 

[0105] ■ 0 hptewnmssemim^ 

X. aSftW^SSSFM^ HA>KSf^tP7? 

[0106] ■ SIJWM6JW^^^v^*ffl'C 
{ti*3K«»S* f 4 0 0 nmjyTT***&fc:f3VvC. if 

fefLTLa'?**, ±IB«ejST"(i. iOid'SrraHtt- 

[0107] • jw^±i^/!«fl:csiLfcflw»wsr 

[0 108] 

fc. ft^l^irai 6tffi63S^fcJ:<ifcr. FWHf 

a*»riB t * s - 1 atom , zm^izft ix *tiwx<n 
mmm^m%mvhmm\wx\ mx o t, 

[0109] ff^il 2 ^11*311 7Kffi6*BHfcJ:<l 

i o seta »mit ^-c^ s . 
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[0 1 10]H*JJt3JlS6*, hw^ism/i 9fc 
[0111] W*l|7^ff*lM2 0,21 tffi*»BBt 
[0112] m&8<?fflt&22lZtoim££tl 

tf, II^*f^Xi:btfS<, JHSLfcHl/cageUrn-y 

[0 113] ||^Ii9tf«l»^cJ;tiH\ lx-if-3fe 
[0114] 11*111 Ot:fliS«BHtJ:Wf, «if»?£ 
[0115] W^ifl 1 tcffiSffiBHC 
*. 

[0116] flf&S 1 2^f**«2 3 KflSfflHK .Ml 
[0 1 17] B*gfl 3 AMI 5. II*JI24^M26 



t\ £s»*>n •/ y nz t ~> x nm-cb i . 

[WOffi#^BJ] 

[HI ] *»HHt«5«*«jaffil**tfiBHH-C*S. 
[ II 2 ] 0 3 1 fc t, t*ISBHW«JSM*7St 0T» 0 . 
*0te£ftl»o^T^SSg^-f o 

[03 ] m^m^mm^m^mmmmmm 

[04] *BWRIt*coff«c#tt*Srf/57H , CftS. 
[05] ffl*t)SJi*<O*tS#tt*^^770'?*S. 

[07] fSMft^O 5- S^tHT* 4 . 

[08] mmmwcmm&b^mmmbmmz 
[09] *«BjK«4gocoffljfiw*«i-Brc*s. 

[ft^OM 

1, 12. 19-l^-ir-*«SKi, 2, 2A, 2 
B. 2C-U-- 3. 2 5-fflffl£IMk 4, 
1 5. 23. 2 6-**3R, 5_l-3S-0£feSk 5 
_2-ld««a». 6_X (X=K 2. ■■■) -3(581 
{tt»s 7-«f%£«, 8. 2 0-#KJB3fc¥*?\ 9 
1 1-WWBIB 




1 -U-— tf-*Bt«=t ! 
S-tt««S 
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